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ABSTRACT

Depression is a mood disorder which currently affects 350 million individuals worldwide. Recently, research has suggested a protective role of
diet for depression. The Mediterranean-style dietary pattern has been highlighted in several systematic reviews as a promising candidate for
reducing depressive symptoms. It has been speculated that this could be due to the high polyphenol content of foods commonly found in the
diet. Therefore, the aim of this review was to assess the effects of polyphenols found in a Mediterranean diet on the symptoms of depression.
A systematic literature review was conducted of original research which assessed the role of polyphenols on the symptoms of depression in
humans. The following databases were searched: PROQUEST, SCOPUS (Elsevier), MEDLINE (EBSCO), CINAHL, and EMBase, up to 18 February, 2019.
The inclusion criteria consisted of both observational and experimental research in adults aged 18–80 y that assessed depression scores in relation to
polyphenol intake. A total of 37 studies out of 12,084 met the full inclusion criteria. Of these, 17 were experimental studies and 20 were observational
studies. Several different polyphenols were assessed including those from tea, coffee, citrus, nuts, soy, grapes, legumes, and spices. Twenty-nine
of the studies found a statistically significant effect of polyphenols for depression. This review has found both an association between polyphenol
consumption and depression risk, as well as evidence suggesting polyphenols can effectively alleviate depressive symptoms. The review uncovered
gaps in the literature regarding the role of polyphenols for depressive symptoms in both young adults and men. This review was registered at
www.crd.york.ac.uk/PROSPERO as CRD42019125747. Adv Nutr 2020;11:602–615.
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Introduction
Depression is a mood disorder characterized by anhedonia
or lack of pleasure, a depressed mood, and altered cognitive
function (1). Currently, 350 million individuals suffer from
depression globally (2), with the WHO estimating that
mental health conditions are now the leading cause of
disability worldwide (3). Although the exact etiology of
depression is still unknown, several similarities exist between
depression and inflammatory diseases such as cardiovascular
disease, diabetes, and cancer which include reduced insulin
sensitivity, endothelial dysfunction, and increased produc-
tion of proinflammatory cytokines (4).
Supported by an Australian Government Research Training Program Scholarship (to JB).
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The field of nutritional psychiatry is relatively new and
relates to the emerging research focusing on the role of
diet and nutrition on mental health (5). New investigations
into the microbiome, immune, and inflammation pathways
demonstrate a powerful paradigm shift in the way we
understand depression (6). Research into how diet and
nutrition affects these pathways could yield valuable insights
into potential treatment strategies for depression. A recent
review examining the role of fruit and vegetable consumption
and various health outcomes suggested several possible links
between these foods and depression pathophysiology (7).
The free-radical scavenging and anti-inflammatory compo-
nents found in fruits and vegetables, particularly the high
content of carotenoids, vitamin C, and polyphenols, appear
to play an important role (7). Other possible therapeutic
components include folate and the effects on methylation,
homocysteine, and vitamin B-12 as well as the effect of
fiber on gastric emptying and brain-derived neurotrophic
factor (7).
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Several traditional diets which are high in fruits and
vegetables have been associated with a reduced risk of de-
pression, including the traditional Japanese diet (8) and Nor-
wegian diet (9). Currently, the diet with the most evidence
for protecting against depression risk is the Mediterranean
diet, which has recently been hypothesized as a promis-
ing treatment strategy for improving clinical outcomes in
depression (10). Several reviews on diet and depression
have speculated that the efficacy of the Mediterranean diet
for depression may be due to the high polyphenol content
(10–12). Therefore, conducting a systematic review to exam-
ine the research on these polyphenols may assist in verifying
this potential mechanism of action.

The term “Mediterranean diet” reflects the diets of several
countries in the Mediterranean Basin during the early 1960s
(13). It was noted that the populations within these countries
had reduced mortality and morbidity from various diseases
(14). One of the common linking factors was their shared
dietary pattern which has since gained much attention,
particularly for preventing coronary artery disease (15).
In 1993 the International Conference on the Diets of the
Mediterranean defined the various components of the diet
(13), concluding that it is abundant in plant foods such as
fruits, vegetables, whole grains, nuts, seeds, and legumes.
The principal source of dietary lipids is in the form of olive
oil. Red wine is consumed in moderate amounts generally
with meals (13). All of these dietary components are rich
in polyphenols which may explain the favorable health
outcomes, particularly in depression.

Polyphenols are natural compounds found in a wide
variety of foods and are particularly high in plant-based
foods (16). Polyphenols exert protective effects on mental
health via upregulating the body’s natural defense systems,
stabilizing free radicals, and reducing oxidative damage (17).
In addition, neuroprotective properties have been observed,
with polyphenols modulating specific cellular signaling
pathways involved in cognitive processes (17). The main
classes of polyphenols are defined according to the nature of
their carbon skeleton: phenolic acids, flavonoids, and the less
common stilbenes and lignans (18).

The aim of this literature review is to assess the effects of
polyphenols on the symptoms of depression.

Methods
A protocol was developed according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analysis
Protocols 2015 statement (19). This review is registered with
PROSPERO (CRD42019125747).

Search strategies and inclusion criteria
A literature search was conducted in the following databases:
PROQUEST, SCOPUS (Elsevier), MEDLINE (EBSCO),
CINAHL, and EMBase. Search terms were divided into
2 groups and combined within the search as follows:
group 1: polyphenols OR phytochemicals OR flavonoids;
group 2: depression OR major depressive disorder OR
major depression OR mental health. Initial investigations

on search terms for group 1 included the search terms
phenolic acids, ligands, stilbenes, and anthocyanins. These
terms found no results and hence were excluded from the
group.

Original research, published up to 18 February, 2019,
which assessed the effect of polyphenols on the symptoms of
depression was included in the review. All fruits, vegetables,
nuts and seeds, wholegrains, beans and legumes, plant oils,
and common culinary herbs and spices were included. As far
as we know, this is the first literature review to assess the role
of polyphenols on depressive symptoms.

Articles were excluded from the review for the following
reasons: not published in English; not related to the search
terms such as those articles on Alzheimer disease or cognitive
decline; not original research; did not use a depression rating
scale; or examined polyphenols not usually consumed as
part of the diet such as the medicinal herbs St. John’s wort,
lavender, and Ginkgo biloba.

Study selection and data extraction
The initial search identified 12,084 articles. After removal
of 790 duplicates, articles were screened by title and by
abstract. The remaining articles were then screened by full
text, resulting in 35 articles which met the full inclusion
criteria. After hand-searching the references of the full-text
articles an additional 2 articles which used different keywords
were included. This resulted in 37 articles to be assessed in
this review. Screening was performed by JB and citations were
stored and filed in EndNote X7. The article selection process
is outlined in Supplemental Figure 1.

Assessment of risk of bias and data summary tables
Each article was critically appraised for methodological con-
sistency using critical appraisal tools. For the 17 experimental
studies the Joanna Briggs Institute critical appraisal tool
for systematic reviews Checklist for Randomized Controlled
Trials was used (20). For the 20 observational studies
the STROBE checklist for cohort, case-control, and cross-
sectional studies was used (21). Overall, the appraisals found
reliable methodology and no articles were excluded from
the review. Supplemental Table 1 displays the results for
the randomized controlled trials (RCTs) and Supplemental
Table 2 displays the results for the observational studies.
During this process data were extracted from the final articles
and summarized in Tables 1 and 2.

Results
Study characteristics
All included studies provided quantitative data on human
subjects. The observational studies included both longitu-
dinal cohort and cross-sectional designs and had a mean
number of 10,301 participants. The experimental studies
were RCTs with either a placebo or an antidepressant
medication with an average number of 80 participants. The
experimental studies varied in time duration from 2 wk to
2 y with the most common time frame being 8 wk. The
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majority of the studies assessed both genders (n = 23), 12
assessed only females, and only 2 studies assessed only men.
Twenty-six of the studies were in adults aged between 23
and 55 y; 10 were in older adults, either postmenopausal
or the elderly aged between 40 and 80 y; and only 1 study
was in young adults aged 18–25 y. Twelve studies looked at
depression in disease states. These included major depressive
disorder (23, 26, 27, 29, 30), chronic fatigue syndrome
(22), osteopenia (25), obesity (28, 31), breast cancer (41),
type 2 diabetes (47), and irritable bowel syndrome (37).
An overview of these study characteristics can be viewed
in Table 3.

Critical appraisal
Overall, the results from the critical appraisal tools showed
good methodology. Results can be seen in Supplemental
Tables 1 and 2. A common weakness observed in the
experimental studies was the lack of information in regards
to blinding. Although the majority of studies claimed to be
double blinded in either the title or the abstract, many failed
to provide details of how the assessors and those delivering
the interventions were blinded in the methodology section.
In the observational studies, common weaknesses included
failure to explain how loss of follow-up was addressed,
not describing study design bias, not providing a flow
diagram to show included participants, and failing to indicate
the number of participants with missing data for each
variable of interest. These limitations were considered when
synthesizing the results from this review.

Depression scales
The most common depression scale used in the observational
studies was the Center for Epidemiologic Studies Depression
Scale (CESD), which was used in 6 of the 20 studies (41,
43, 48, 51, 55, 57). The CESD is a 20-item measure that
asks subjects to rate how often over the past week they
experienced symptoms associated with depression, such as
restless sleep, poor appetite, and feeling lonely (59). In the
experimental studies the most common scale used was the
Hamilton Rating Scale for Depression, which was used in
5 of the 17 studies (23, 24, 27, 30, 36). The second most
popular scale was the Hospital Anxiety and Depression Scale
(HADS), which was used in 4 of the studies (22, 29, 33,
37). The HADS is a 14-item scale used to measure anxiety
and depression in a hospital or community setting (60).
Another popular depression scale used was the Zung Self-
Rating Depression Scale (ZSDS), which was used in both
observational (52, 56) and experimental designs (24, 25).
The ZSDS is a 20-item self-report questionnaire covering
affective, psychological, and somatic symptoms associated
with depression (61).

Polyphenols
A variety of different polyphenols were assessed in the articles
included in this review. The observational studies looked
at polyphenols consumed in their biological whole food
form and the majority of experimental studies assessed the

effect of polyphenols consumed via a capsule (23–31, 33,
36, 37), powder (35), dried herbal tea (38), or liquid (34).
Only 2 experimental studies assessed polyphenols consumed
in their whole food form (22, 32). The most commonly
tested groups of polyphenols were flavanols from tea (n = 9
observational) and cocoa (n = 2 experimental), isoflavones
from soy (n = 3 observational and n = 4 experimental), and
hydroxycinnamic acids from coffee (n = 5 observational)
and curcumin (n = 6 experimental). Other classes of
polyphenols tested included flavanones in the form of citrus
(n = 2 experimental), stilbenes in the form of resveratrol
(n = 1 experimental), and flavonols in the form of nuts
(n = 1 observational and n = 1 experimental). Three of
the observational studies considered the combined effect
of all dietary sources of polyphenols in depression risk
(51, 57, 58).

Intervention/variable effect
The majority of studies (n = 29) found a statistically signifi-
cant positive and protective effect of consuming polyphenols
on the symptoms and risk of depression. Five studies noted
a positive effect which was not statistically significant (22,
23, 27, 32, 52), 2 studies reported mixed results (43, 56), and
only 2 studies showed no difference after the intervention (28,
34). An overview of the effect of polyphenols on depression
is displayed in Table 4. P values are given for experimental
studies in Table 1 and ORs, RRs, and P values are given for
observational studies in Table 2.

Discussion
This systematic review provides important insights into the
role polyphenols play in depression. The cross-sectional
and cohort studies reported on represent the polyphenol
intake of individuals in a real-life setting and estimate the
prevalence of depression among low, moderate, and high
consumers of polyphenols. The majority (n = 17) of these
studies found a statistically significant result (39–42, 44–
51, 53–55, 57, 58) suggesting that a higher polyphenol
intake is associated with decreased prevalence of depression.
Polyphenol intake was measured via various different FFQs
and diet history forms. Several challenges exist with these
methods such as under- or over-reporting consumption and
measurement error (62) and these factors must be considered
when interpreting the results. However, the results from
these observational studies provide a strong foundation for
suggesting that polyphenols play a role in depression, but
they can only infer correlation in regards to disease risk and
prevalence.

The 17 experimental trials included in this systematic
review can provide more information about causation in
regards to polyphenols exerting a therapeutic benefit for
depressive symptoms. These experimental results demon-
strate a positive therapeutic benefit for depression with
various different polyphenols appearing to reduce depres-
sive symptoms. In contrast to the observational studies
which looked at depression risk in healthy individuals, the
experimental studies assessed individuals presenting with
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TABLE 4 Effect of polyphenols on symptoms of depression1

Authors
Positive effect: statistically

significant
Positive effect: not

statistically significant Mixed results
No difference

observed

Experimental
Sathyapalan et al. (22) X
Bergman et al. (23) X
Nina Estrella et al. (24) X
Atteritano et al. (25) X
Lopresti et al. (26) X
Sanmukhani et al. (27) X
Esmaily et al. (28) X
Panahi et al. (29) X
Yu et al. (30) X
Ibero-Baraibar et al. (31) X
Pribis (32) X∗ X
Hirose et al. (33) X
Mirghafourvand et al. (34) X
Kamalifard et al. (35) X
Davinelli et al. (36) X
Kazemian et al. (37) X
Chang and Chen (38) X

Observational
Hintikka et al. (39) X
Niu et al. (40) X
Chen et al. (41) X
Ruusunen et al. (42) X
Li et al. (43) X
Lucas et al. (44) X
Feng et al. (45) X
Feng et al. (46) X
Omagari et al. (47) X
Pham et al. (48) X
Yu et al. (49) X
Li et al. (50) X
Chang et al. (51) X
Su et al. (52) X
Chan et al. (53) X
Navarro et al. (54) X
Miyake et al. (55) X
Yu et al. (56) X
Godos et al. (57) X
Mofrad et al. (58) X

1X, study contains this item.
∗Only significant in males.

depressive symptoms or who were diagnosed with depression
before the commencement of the intervention. The majority
(n = 9) looked at depressive symptoms (22, 25, 28, 31–
34, 37, 38), with 8 of the studies assessing participants
with diagnosed clinical depression (23, 24, 26, 27, 29, 30,
35, 36). Of these studies, several also included antidepres-
sant use either as the active control or in combination
with a polyphenol. These included escitalopram (23, 30),
venlafaxine (23), fluoxetine (24, 27), and sertraline (24).
The studies which used polyphenols in combination with
antidepressants found that the antidepressive effects of the
polyphenol/antidepressant combination were greater than
those of the antidepressant as a monotherapy (23, 24, 27,
30). Further investigations into the effects of polyphenols in
individuals with clinical depression are needed and should be
the focus of future studies in this area.

The findings of this systematic review of polyphenols are
in part supported by a recent meta-analysis which high-
lighted the protective role of adhering to a Mediterranean
diet for depression risk (63). The authors suggested that the
protective role of the Mediterranean diet could be multidi-
mensional, encompassing both anti-inflammatory functions
and protection from oxidative stress (63, 64). Depression is
commonly associated with a subclinical inflammatory status
characterized by an increase in proinflammatory cytokines
and neuronal damage (57), which could be the pathways
targeted by this dietary pattern.

The polyphenols that this review has highlighted as being
effective include soy isoflavones (24, 25, 33, 49, 55, 56), tea
(39–41, 45, 46, 48, 50, 53) and cocoa flavanols (22, 31),
curcumin (26, 29, 30) and coffee hydroxycinnamic acid (42,
44, 47, 48, 54), walnut flavonols (32, 52), citrus flavanones
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(35), and the stilbene resveratrol (36). Polyphenols are
naturally produced plant compounds which form part of the
plants’ defense mechanisms protecting them from pathogens
and ultraviolet radiation (17). Several animal studies have
demonstrated that polyphenols reduce depression-like be-
havior in rodents (16). Studies have suggested an interaction
between polyphenols and monoamine oxidase, an enzyme
utilized in the catabolism of monoamines, thus reducing
the breakdown of monoaminergic neurotransmitters and
increasing serotonin and dopamine concentrations (17).
Another possible mechanism for how polyphenols exert
their beneficial effects on mental health includes their anti-
inflammatory properties via inhibition of proinflammatory
cytokines, free radical scavenging, and antioxidant activity as
well as neuroprotective properties (65).

However, the antioxidant activity, bioavailability, and
enzyme and cell-receptor interactions vary greatly depending
on the chemical structure of different polyphenols (18).
The structure of polyphenols affects the rate and extent of
intestinal absorption which, in turn, affects the metabolites
circulating in the plasma (18). In addition, the polyphenols
which are the most common in the diet may not necessarily
be the most active due to poor intestinal absorption or
high metabolism and excretion from the body (66). Studies
suggest that the majority of polyphenols are not actually
absorbed through the intestinal barrier, but are metabolized
by colonic microflora farther down the digestive tract
(18). Research even suggests that metabolism pathways and
metabolites of polyphenols may be one of the characteristics
responsible for their therapeutic effects (66). A review found
that gallic acid and isoflavones have the best absorption rates,
with proanthocyanins displaying the poorest absorption
(67). The differences in bioavailability and absorption rates
of various polyphenols are an important limitation of this
review and should be considered when interpreting the
results.

Several studies have demonstrated that the absorption
rate of curcumin is relatively poor (68–70) and the inclusion
of piperine in order to enhance absorption is often recom-
mended (70). Of the 6 studies included in this review which
tested curcumin, 3 included an absorption enhancer (23, 28,
29) and 3 did not (26, 27, 30), which may have affected the
results. All 6 studies were randomized clinical trials, with
3 displaying statistically significant results (26, 29, 30). More
studies on the therapeutic use of curcumin for depression
are needed before firm conclusions can be drawn. Other
promising polyphenols include those from tea and coffee. Tea
and coffee are 2 of the most commonly consumed beverages
worldwide (71) and act as a major source of total dietary
polyphenol intake (18). All of the 12 studies on tea and coffee
included in this review were observational studies. RCTs are
needed to determine if a cause and effect relation also exists
for these polyphenols.

A common theme present throughout several of the
studies is the use of isoflavones for women, either during
menopause or in postmenopausal and elderly women.
Isoflavones are flavonoids abundant in legumes which are

able to influence hormone concentrations by binding to some
estrogen receptors and are thus referred to as phytoestrogens
(33). It has been suggested that isoflavones may alleviate
the symptoms of depression which commonly accompany
menopause by modulating the dramatic fluctuations in
ovarian hormones which occur during this period (55). This
potential mechanism of action suggests that isoflavones may
only be effective in this specific demographic.

This hypothesis is further supported by the study by Li
et al. (43), which found mixed results when comparing the
results between men, women, and menopausal status. The
researchers found that in premenopausal women consump-
tion of legumes was associated with an increased risk of
depression. However, moderate consumption was associated
with a lower risk of depression among perimenopausal
women. No significant association was found among men
or postmenopausal women (43). Together, these findings
support the theory that isoflavones may exert their beneficial
effect for depression by acting as phytoestrogens and there-
fore may only be appropriate for use in specific population
groups.

This review has limitations of its own which need to be
acknowledged. The initial search resulted in a large number
of very diverse studies. Refinement of the inclusion and ex-
clusion criteria allowed for a more focused review; however,
the large exclusion criteria may limit the applicability of
this review. The limited number of studies per polyphenol
intervention is another key limitation of this review, which
may have affected the overall findings and conclusions
drawn from this review. Given the heterogeneous mix of
studies included in this review, no cumulative statistical
meta-analysis was conducted. This was due to the large
diversity of polyphenols tested and variety of depression
scales used. The lack of reported data on effect sizes is another
important limitation of this review which affects both the
meaningfulness and practical importance of these results. A
narrative synthesis of the results has been provided, which
comes with a risk of interpretation bias from the authors.
Only published trials available on the preselected databases
were available to be reviewed, which may have skewed the
findings.

The review also highlighted a lack of research assessing
polyphenols for depression in both men and young adults.
Emerging research is beginning to highlight differences in
which men and women express symptoms of depression;
however, it still remains unclear if these differences affect
treatment outcomes (72). Studies in young adults are also
needed. Over 75% of mental health problems occur before
the age of 25 y (73). According to the Australian Bureau of
Statistics National Survey of Mental Health and Wellbeing:
Summary of Results 2007, younger people were more likely
to have a mental disorder than older people (74). The lack
of studies on young adults and men included in this review
limits the relevance of these findings to a broader audience.

In conclusion, to our knowledge, this was the first sys-
tematic literature review to assess the effects of polyphenols
on the symptoms of depression. The review has identified a
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strong foundation for suggesting that polyphenols do play
an important role in the disorder. The inclusion of both
observational and experimental designs has allowed for a
comprehensive synthesis of both depression prevalence as
well as intention-to-treat analysis. There appears to be a
protective role of consuming higher amounts of polyphenols
in reducing depression risk across several populations. In
addition to the reduced prevalence, there also appears to be
a therapeutic benefit of consuming certain polyphenols in
reducing depressive symptoms. In the case of isoflavones this
could be due to their phytoestrogen effect. Of the polyphenols
included in this review, coffee and curcumin, soy isoflavones,
tea and cocoa flavanols, walnut flavonols, citrus flavanones,
and the stilbene resveratrol show the most promise and
would be good candidates for future research. The review also
identified that further research is required to investigate the
role of polyphenols for depression in men and young adults.
Additional studies are needed to confirm these findings.
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